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As salmon and trout populations decline in the Pacific Northwest, emphasis should be 
placed on restoration of any stream capable of producing salmon and trout. Terrell Creek 
is a small, dam regulated, independent drainage that historically produced at least four 
species of salmon and trout. Streamflow, regulated at the Lake Terrell dam, has typically 
been close to zero during the summer low flow period and probably affected salmon and 
trout population levels in the Creek. This study was designed to characterize the current 
fish assemblage in Terrell Creek, estimate coho salmon (Oncorhynchus kisutch) smolt 
production levels, identify factors that limit coho salmon production, explore 
modifications to stream habitat and their potential impact on coho salmon smolt 
production, and recommend instream flow levels and management strategies that would 
increase levels of salmon and trout produced from Terrell Creek. Smolt traps were 
operated in two consecutive years to determine total salmonid production in the Creek 
during this period. Summertime streamflows were augmented with water from Lake 
Terrell. Instream temperatures were recorded during the flow augmentation period, and 
changes in useable stream area were measured at each discharge. Production of coho 
salmon, rainbow trout (Oncorhynchus mykiss), and chum salmon (Oncorhynchus keta) is 
low. Coastal cutthroat trout (Oncorhynchus clarki clarki) may have been extirpated from 
Terrell Creek. Water temperatures exhibited a general cooling trend from the dam to 
downstream sites, and rearing habitat increased discharge. This study concluded that 1) a 
potential increase in coho smolt production levels is possible only with an increase in 
available rearing habitat, 2) to increase rearing habitat during the critical flow period, 
flow augmentation must occur, and 3) Lake Terrell is an adequate water source for flow 
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Salmon runs, endemic to the Pacific Northwest, have been in decline for more than a 
century (Lichatowich 1999).  As early as the late 1800’s, hatchery augmentation was deemed 
necessary to maintain viable populations in the Columbia River basin. In the early 1900’s both 
Oregon and Washington state imposed fishing season closures and gear type regulations for the 
salmon fishery.  Pacific salmon have disappeared from approximately 40% of the rivers they 
used to inhabit in Washington, Oregon, Idaho, and California (NRC 1996). The decline of the 
Pacific Salmon has led to listing of 28 salmon and steelhead stocks as either Endangered or 
Threatened under the Endangered Species Act (ESA) (US Fish and Wildlife Service 2008). 
Many proximal causes of the salmon’s decline such as overharvest, poor hatchery management, 
logging, mining, dams, irrigation, grazing, and urban and industrial development have been 
recognized. The specific cause-and-effect relationship between human activities and a negative 
impact on a salmon population, however, is often hard to establish. 
In response to the decrease of this once abundant resource, governmental organizations, 
Indian Tribes, and non-profit organizations, have engaged in stream monitoring and restoration 
efforts in an attempt to either slow or halt the process of salmon population decline.  One of the 
principle factors that contribute to decreased numbers of salmon is the loss of spawning and 
rearing habitat in rivers, lakes, and streams. More than a billion dollars each year and countless 
hours of effort have been allocated to restoring river habitat structure and function (Bernhardt et 
al. 2005).  Restoration efforts typically address limiting factors in the freshwater environment, as 
rivers, lakes, and streams are much easier to access and study than are ocean environments. 
Large, salmon-bearing rivers, e.g. the Columbia River, receive much attention and funding for 
habitat enhancement, water quality studies, and biological assessments.  
 2 
As salmon populations continue to decline, however, any water body that is capable of 
producing salmonids deserves evaluation. Marshall and Britton (1990) found small coho salmon 
streams tend to be more productive per unit area than large streams, and the most efficient 
producers of smolts in relation to production per unit area. Further supporting this finding, 
Rosenfeld et al. (2000) studied coho salmon and cutthroat trout juvenile abundance and 
distribution. They report that small streams contribute disproportionately to summer rearing 
habitat in coastal watersheds. In fact, cutthroat trout and coho salmon juveniles occurred at their 
highest density in very small streams (<5 m bankfull width). Though small, independent 
drainages may not herald in thousands of returning adults every fall, they no doubt play an 
important role in producing and sustaining salmonids in the Pacific Northwest.  
The focus of this project is Terrell Creek, a small, independent drainage in northwestern 
Whatcom County. Historical records show that Terrell Creek used to produce coho salmon 
(Oncorhynchus kisutch), chum salmon (Oncorhynchus keta), sea-run cutthroat trout 
(Oncorhynchus clarki clarki), and steelhead (Oncorhynchus mykiss) (WADOE 1985, D. Beatty 
pers. comm. 2009, T. Morris, pers. comm. 2009). Accounts from the 1870’s, found in the book 
Nooksack Tales and Trails, indicate that native tribes were lured to Terrell Creek by a plentiful 
supply of salmon (Jeffcott 1949).  
Prior to 1947, Terrell Creek received water from a beaver pond/wetland complex. As 
early as the 1860’s, the complex was known as Lake Terrell, and so likely contained a significant 
amount of open water (Jeffcott 1949). In 1947, however, the Washington Department of Fish and 
Wildlife (WDFW), then the Washington Department of Game, established the Lake Terrell 
Wildlife Area, which encompasses 610 hectares of mixed agricultural, forest, ponds and streams, 
and wetlands. During the first years of management, the Department of Game started building a 
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dam on the outflow of what was once a “beaver-bog” (T. Reed pers. comm. 2006). Present-day 
Lake Terrell was at approximately 50% capacity by the early 1950’s. As WDFW continued 
management of the reserve, the lake grew to its current area of approximately 200 hectares. Lake 
Terrell is now managed for the production and harvest of waterfowl, triploid rainbow trout 
(Oncorhynchus mykiss), and warmwater fish. 
Through the damming of the Lake Terrell wetland complex, an important conduit for 
salmonid passage was lost.  Not only was passage impeded, but a hydraulic divide between the 
lake and the stream was created during times of low precipitation. In an effort to maintain the 
level of Lake Terrell, water was held back in the lake, depriving the creek of flow in summer 
months. As summertime residents of Terrell Creek, fish, including coho salmon, steelhead, and 
cutthroat trout, are all adversely affected by the lack of summertime flow (WADOE 2003). 
 The purpose of this study was to evaluate the feasibility of re-establishing a viable coho 
salmon run in Terrell Creek, by incorporating answers to the following questions: 
 
1) What is the current fish assemblage of Terrell Creek, and how does it compare with past 
studies and historical accounts? 
2) What is the current level of coho salmon smolt production in Terrell Creek and how does 
that number compare to potential smolt production values? 
3)  What factors limit salmon production in Terrell Creek? 
4) How can habitat be modified to accommodate salmon, and at what cost to other species? 




 Coho salmon were chosen as the focus species for this study because coho salmon can 
still utilize Terrell Creek; and coho salmon juveniles typically spend 18 months in freshwater, 
from egg to smolt, and are thus good indicators of habitat conditions in the fresh water 
environment in which they were spawned.  
 
Coho salmon life history and environmental impacts 
 Diversity of life history patterns is what has afforded the family Salmonidae the ability to 
survive in changing environments (Lichatowich 1999). Recruitment, or the ability of the 
population to survive from egg to mature adult, is one metric used to establish salmon population 
levels.  The two major habitat types, freshwater and ocean, both contribute to recruitment of 
anadromous salmonids. Bradford (1995) determined that the freshwater phase contributes 
slightly more to total variation in egg-adult survival.  
 In the Pacific Northwest, the life cycle of coho salmon (O. kisutch) generally consists of 
approximately 18 months of freshwater residence time and 18 months spent in marine waters, 
although variations in that life history pattern do occur. For example, some coho smolts may 
outmigrate the first spring after they hatched, while most outmigrate in the second spring after 
hatch (Sandercock 1991). Other life history strategies include the return to fresh water of a subset 
of precociously sexually mature males called jacks. Jacks typically spend five to seven months in 
the marine environment before returning to fresh water to spawn.  
Coho salmon spawn in small streams and tributaries, but also use large rivers (Laufle et. al 
1986). In Water Resources Inventory Area 1 (WRIA1), which encompasses Terrell Creek, adults 
enter streams and rivers anywhere from August through January. Spawning usually occurs 
between September and late January (Wydoski and Whitney 2003). In Terrell Creek, however, 
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low flows may delay river entry timing. If conditions such as flow and temperature in the creek 
are unsuitable, adult fish will often mill about near the mouth of a creek. Upstream migration 
usually commences subsequent to a large increase in flow that enables upstream passage 
(Sandercock 1991). 
 Spawning normally occurs in riffles or at groundwater seepages (USDOI 2007). Unlike 
sockeye salmon (O. nerka) and chum salmon (O. keta), which utilize areas of upwelling water 
for spawning, coho salmon prefer areas where stream water downwells into the gravel 
(Fukushima 2001). Development from fertilized egg to alevin takes six to eight weeks depending 
on water temperature. In the Nooksack River basin, fecundity of female coho salmon typically 
ranges from 2000-2600 eggs per female. Not all of those eggs will develop into fry.  Embryos 
and alevins can be impacted by low dissolved oxygen levels, sedimentation and subsequent 
reduction in flow of oxygenated water, and high flows that can scour redds (Quinn 2005).   
 Fry emerge from the redds about two to three weeks after hatch. Fry typically congregate 
in schools and utilize low velocity pool habitat. In the presence of anadromous trout such as O. 
mykiss juveniles, feeding takes place in pools, with the majority of food coming from the drift. In 
the absence of trout, O. kisutch juveniles utilize riffles as well (Chapman 1966). The primary 
sources of mortality at this stage are predation and energetic stress, with disease as a contributing 
factor (Quinn 2005). In the majority of coho salmon populations, the juveniles that survive will 
continue living as instream residents until they reach the age of approximately 18 months, when 
most enter the smolt phase and prepare for life in saltwater. 
 In response to environmental conditions and internal rhythms, juvenile coho experience a 
change in morphology, physiology, and behavior, in preparation for living in the marine 
environment. The most obvious change is external. Juvenile salmonids change colors and 
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markings from their dark and cryptic freshwater phase to a silvery appearance. Body shape 
becomes more streamlined. Changes in body shape are associated with a decrease in total body 
lipids, while coloration is changed by a thickening of purine layers beneath the skin and an 
increase in the guanine to hypoxanthine ratio (Hoar 1976). The more profound change, however, 
cannot be seen by looking at the smolt. To survive in the new saltwater environment, a salmon 
smolt must alter its osmoregulatory, energy storage, and endocrine systems. Substantial changes 
in the kidneys and gills must also occur to regulate ion transport and excretion in the marine 
environment (Quinn 2005). 
 Coho salmon smolts migrate to the marine environment between March and late June, 
with peak outmigration occurring from late April to mid-May. In his study of another lowland 
Whatcom County stream similar to Terrell Creek, Downen (1999) found that peak outmigration 
for coho smolts occurred in late May, and was positively correlated with a large discharge event. 
Once smolts reach the marine environment, their survival is dependent on food acquisition and 
predator avoidance. Size at time of emigration may influence ocean survival, i.e. the larger the 
fish is at emigration the more chance it has of returning as a spawning adult (Quinn and Peterson 
1996).  In the ocean, movements and migration patterns of coho salmon are less well known. 
Recent evidence suggests, however, that the high diversity in life history traits measured in fresh 
water may be equaled by a diversity in ocean migration patterns (Weitkamp and Neely 2002). 
Essentially, diversity caused by spatial-temporal and behavioral differences is born out in both 
freshwater and marine environments.  
Smolt production is dependent on the quality and quantity of suitable rearing habitat, 
assuming that the system is fully seeded (Bradford 1997). A fully seeded system is one where the 
number of spawning adults results in the stream being at carrying capacity. The relationship 
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between smolt production and rearing space available describes the concept known as stream 
carrying capacity. Carrying capacity, as defined by Burns (1971) is the “…greatest weight of 
fishes that a stream can naturally support during the period of least available habitat.” In such a 
system, survival and growth of coho smolts are density dependent or have density dependent 
components. Many coastal salmonid streams were thought to be at carrying capacity, but that is 
not always the case. In an under-seeded system such as Terrell Creek, adult return and freshwater 
survival determine smolt production.  
 The number of returning adults is the product of number of smolts produced and marine 
survival (Seiler 2000). Marine survival of Pacific salmon varies with life history (Bradford 
1995). For most salmon species, marine survival is correlated with size of smolt at seaward 
migration, and residence time in the ocean. The general trend is that larger smolts show better 
survival, and the less time spent in the ocean, the better the survival rate. For example, coho 
salmon typically have an egg to adult survival rate that is twice that of sockeye salmon (Bradford 
1995). Coho salmon outmigrate at a relatively large size, and typically spend 1.5 years in the 
ocean. Sockeye salmon, however, typically outmigrate as smaller smolts and spend at least 2.5 
years in the ocean.  
 Marine survival of salmon species is often difficult to assess, and estimates are usually 
based on the commercial catch of salmon and the number returning to the hatcheries. Mortality at 
sea has been linked to changes in climate regimes, resultant ocean conditions, and predators. 
Most information points to a high mortality rate during the first summer at sea (Quinn 2005).  
 To manage coho salmon on a region-wide or watershed scale, the productive capacities of 
the rivers, streams, and lakes in that watershed must be determined. In this case, the term 
productive capacity refers to the ability of a system to produce O. kisutch smolts.  Smolt 
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production is an appropriate measure of a river, stream, or lake’s potential to produce adult 
salmon, as smolts are the measure of freshwater production (Seiler 2000). Smolt production is 
measured as number of smolts per a given area or length, or as biomass per a given area or 
length. Smolt production and smolt production potential values vary among streams and 
interannually. For example, Chapman (1965) estimated coho smolt production for three Oregon 
streams and provides mean production figures of 0.50, 0.41, and 0.34 smolts/m².  
Until recently, a production value of 0.50 coho smolts/m² of low flow wetted width was used to 
predict coho salmon smolt production for Puget Sound streams averaging less than 5.5 meters in 
width (Zillges 1977). For streams greater that 5.5 meters average width, a production value of 
2.75 coho smolt/m of accessible low-flow centerline length was used to estimate smolt 
production potential. In another report, mean coho smolt production values for 10 Puget Sound 
streams ranged between 0.26 and 2.24 smolts/m (Baranski 1989). Mean annual yield of coho 
smolts expressed as biomass for 22 Pacific Northwest stream ranged from 3.1-38.9 kg/km 
(Marshall and Britton 1990). For lowland Whatcom County, Washington streams, coho smolt 
production ranged from 0.01-5.78 kg/km (Kaminski 2008). 
Coho salmon smolt production and smolt production potential studies range from reach-
specific analyses (e.g. Reeves et al. 1989) to the watershed level (e.g. Sharma and Hilborn 2001). 
Most studies that seek to quantify the net production of juvenile coho in a stream rely on counts 
of emigrating juveniles captured at a smolt trap or enumerated at a station via passive integrated 
transponders. Those counts are then related to habitat features such as number of pools per length 
of stream, total stream length, stream width, amount of in-water large woody-debris, and stream 
gradient, and estimates of total smolt production and predictive models for a system can be 
made.  
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Baranski (1989), in his study of ten Puget Sound streams found that coho smolt 
production was correlated with both low flow linear stream length and low flow surface area, but 
concluded that estimates based on low flow surface area were superior to estimates based on 
stream length. Low flow linear length is defined as the accessible portion of the stream during 
the low flow period in a region. Low flow surface area is defined as the total wetted area of the 
accessible portion of a stream during the low flow period in a region. In Northwestern 
Washington, the low flow period is considered to be from June through September (Swift 1979). 
Estimates based on low flow area accounted for more variation in smolt production numbers than 
did estimates based on low flow linear length.  Low flow linear length is a measurement of 
accessible stream length during the low flow period for a region. Low flow surface area is a 
measurement of accessible stream surface area during the low flow period. For western 
Washington, the low flow period is considered as June through September. Marshall and Britton 
(1990) concluded that both stream length and stream area were good predictors of smolt yield, 
but noted that for streams less than 4 km long or less than 2 hectares in area, stream surface area 
is more representative of smolt yield than stream length. A 1997 study by Bradford et al. 
determined that stream length, and to a lesser extent latitude, were useful variables for predicting 
mean smolt production. In a study of 14 western Washington streams, Sharma and Hilborn 
(2001) stated that stream gradient, valley slope, pool and pond densities, and large woody debris 
(LWD) quantity were correlated with smolt abundance. Pool density, or the amount of pools per 
a given length of stream, correlated the best with smolt production. 
While chum (O. keta) and pink salmon (Oncorhynchus gorbuscha) juveniles can migrate 
to the marine environment shortly after emergence, coho salmon juveniles must make the stream 
their home, and are thus more vulnerable to natural and anthropogenic perturbation. As residents 
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of a stream system for a year and a half, coho salmon juveniles are subject to the changing 
physical and chemical properties of that system. Factors that limit salmon production in 
freshwater systems have generally been classified into five categories: water quality, water 
quantity, habitat suitability, predation, and stochastic events. As year around residents of 
streams, juvenile coho salmon are subject to changes in water quality and water quantity.  
Juvenile coho salmon populations in particular seem to be limited by the availability of 
freshwater habitat and suitability of territories within that habitat (Marshall and Britton 1990; 
Sandercock, 1991). For example, Pollock et al. (2003), in their study of the Stillaguamish River 
Basin, Washington, found that a 61% loss of beaver ponds resulted in an 89% reduction of coho 
salmon smolt production capacity. Over-winter habitat provided by beaver ponds, sloughs, 
tributaries, and side channels provide refuge from  high discharge and high sediment loads 
(Brown and Hartman 1988), and directly influences freshwater survival (Nickelson 1998). 
Intermittent streams play an important role in over-winter survival as well. In some instances, 
juvenile coho salmon reared in intermittent streams exhibited higher over-winter survival rates 
than coho salmon juveniles reared in mainstem habitats (Wigington et al. 2006). For the portion 
of the population that rears in the main channel, habitat complexity is a determining factor for 
over-winter survival (McMahon Hartman 1989; Quinn and Peterson 1996). Nickelson et al. 
(1992) concluded that the availability of adequate winter habitat limits the production of wild 
coho salmon smolts in streams on the Oregon Coast, provided that spawning escapement was 
adequate. 
Habitat diversity and habitat complexity play a key role in overall survival of coho 
salmon in their fresh water phase. Pearsons and Li (1992) found that after flood events, 
hydraulically complex stream reaches retained more fish than hydraulically simple stream 
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reaches. Even during seaward migration, smolts are closely associated with large woody debris 
(McMahon and Holtby 1992).  
Other studies have focused on the relationship between summer low flow rearing habitat 
availability on salmon smolt production potential and stream carrying capacity. The first study to 
demonstrate a positive correlation between annual runoff in western Washington and coho 
salmon smolt production was performed by Smoker (1955). He also found a lesser but 
significant correlation between the June through September runoff in the year of freshwater 
residence and the resulting catch of that same year class in the commercial fishery. Zillges 
(1977) determined that available rearing habitat during summer low flow was the main limiting 
factor in Puget Sound coho production. Mathews and Olson (1980), based on correlations 
between annual and commercial catch, found that after 1967, summer flows were better than 
annual flows for predicting coho salmon runs. Low flows limit food production and shelter from 
predators. To quote Beecher (1979) “It is obvious that trout and salmon cannot live in dry 
streambeds”.  
Although this notion is seemingly apparent, it took the Washington State government 
until 1969 to establish the Minimum Water Flows and Levels Act (RCW 90.22.010). Section 010 
of that act states that the Washington State Department of Ecology (WADOE) “may establish 
minimum instream water flows or levels for streams, lakes or other public waters for the purpose 
of protecting fish, game, birds or other wildlife resources, or recreational or aesthetic values of 
said public waters whenever it appears to be in the public interest to establish the same”. 
Stronger authority to protect instream flows came in the form of the Water Resources Act 
(WRA) of 1971. Section 020 of the WRA of 1971 states that “Perennial rivers and streams of the 
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state shall be retained with base flows necessary to provide preservation of wildlife, fish, scenic, 
aesthetic and other environmental values, and navigational values.” (RCW Chapter 90.54). 
Water quantity and water quality are critical components in fish resource protection. Of 
all the water quality parameters commonly associated with fish health, water temperature is 
paramount. Stream temperatures fluctuate naturally hour to hour, daily, and throughout the year, 
and salmonid populations have adapted to specific temperature regimes. Water temperature can 
have negative impacts on salmonids and other aquatic life when the regime is changed. Stream 
temperatures can be altered by: removal of streamside vegetation, water withdrawals, water 
discharge from industrial facilities, stream channeling and diking, construction of impervious 
surfaces in the watershed, and construction of dams and reservoirs (USEPA 2003). Shallow 
reservoirs, such as Lake Terrell, facilitate increased temperatures in the summer by holding 
water and allowing it to warm. As large bodies of water, reservoirs are more resistant to 
temperature change than streams. Increased resistance to temperature fluctuation results in 
reduced diurnal temperature variation and prolonged periods of warm water. Along with creating 
reservoirs, dams may also reduce the stream flow rate. The effect of water impoundment and 
metered release is that rearing juvenile salmonids are exposed to higher temperatures for a longer 
duration than they would be under a natural flow regime. 
Temperature effects may be direct or indirect through interactions with other variables 
(Richter and Kolmes 2005). Water temperatures outside of thermal optima can have negative 
impacts on salmon populations during spawning and incubation, juvenile rearing, smoltification, 
and adult migration (USEPA 2003). Elevated stream temperatures can increase the incidence of 
disease, affect growth and swim speed, and can be lethal over a short term (seven days) or be 
instantaneously lethal (WADOE 2002).  In general, elevated water temperatures are more 
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detrimental to salmonid health than lower temperatures. Maximum temperature limit criteria 
have been set by the WADOE in an effort to protect salmonids and other aquatic life. 
Low summertime flows have been linked to reduced salmon abundance in western 
Washington streams (Swift 1979). Stream temperatures typically increase during the summer 
low flow period, and are a cause of mortality for juvenile coho salmon and other salmonids 
(Neumann et al. 2006). 
Determining how much flow should be allocated to Terrell Creek when competitive uses 
exist is one of the primary tasks of this thesis. In this instance, fish abundance and biomass are 
the parameters considered when making an instream flow recommendation. Fish abundance, 
however, is variable, making relationships between flow and abundance difficult to measure 
(Hatfield and Bruce 2000). Fish habitat is often used as a surrogate for fish abundance, because 
habitat is more stable and easier to quantify. Numerous methods can be used to quantify the 
instream flow needs of fish (see Tennant 1976; Bovee 1982; Electric Power Research Institute 
1986; Jowett 1997; Hatfield and Caldwell 2004). Most of these methods utilize habitat suitability 
index models such as those developed by McMahon (1983).  
When the dam on Lake Terrell was constructed in 1947, streamflow, and thus stream 
health were altered in Terrell Creek. Decades of unnatural flow regimes have probably affected 
the physical, chemical, and biological conditions in the Creek. If recovery of salmon and trout 
populations is a management objective in the Terrell Creek system, then a new flow regime will 








Terrell Creek is an independent, lowland drainage located in northwestern Washington. 
The creek originates at the north end of Lake Terrell and drains into Birch Bay (Figure 1). A 
concrete dam with wooden stop logs, located at the north end of Lake Terrell regulates stream 
flow. The dam has been in place since 1947.  
The primary water source for Terrell Creek is Lake Terrell and associated ponds and 
wetland complexes, all upstream of the dam. Lake Terrell is approximately 200 hectares in 
surface area and 3 m deep at its deepest point. The lake lies within the 600 hectare Lake Terrell 
Wildlife Management Area. The Washington Department of Fish Wildlife currently manages 
Lake Terrell for waterfowl production and sportsfishing.    
The main channel of Terrell Creek travels 14 km, dropping a total distance of 65.5 meters 
from the spillway at the north end of Lake Terrell to its mouth at Birch Bay, giving Terrell Creek 
a gradient of 4.7 m/km. One major tributary, Fingalson Creek, enters the right bank of Terrell 
Creek at approximately river mile (RM) 6.4.  
The Terrell Creek system drains an area of 38 km
2
, of predominantly rural, 
agricultural/industrial land, and comprises the western most region of the proto-Nooksack river 
delta in Whatcom County, Washington (Easterbrook 1976). Land use along the creek is 
primarily rural-residential and agricultural in the upper reaches, and urban resort development 
along Birch Bay (Whatcom County 2006).  
From its source at Lake Terrell, Terrell Creek flows northward through fragmented forest 
and fallow pasture (Whatcom County Public Works, 2006). The forested portion of the riparian 
corridor is dominated by western red alder (Alnus rubra) black cottonwood (Populus 
balsamifera), western red cedar (Thuja plicata), and Douglas fir (Pseudotsuga menziesii). Shrubs 
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commonly on the banks of the creek include Pacific willow (Salix lucida), salmonberry (Rubus 
spectabilis), oceanspray (Holodiscus discolor), Indian plum (Oemlaria cerasiformis), and 
snowberry (Symphoricarpos albus). In the pasture areas, the riparian corridor is dominated by 
reed canary grass (Phalaris arundinacea) and blackberries (Rubus discolor). 
Approximately 3.2 km downstream of the Lake Terrell dam, the creek turns westward 
and flows towards Birch Bay. Stream substrate at this point is similar to the upper reaches and is 
composed of a mix of sand, gravel, and cobble, as is common to streams running through glacial 
deposits in this region. In some areas, the stream has formed pools and chutes in a clay matrix. 
The depth of the glacial deposits and low gradient of the creek prohibit exposure of bedrock in 
the stream channel. 
Terrell Creek turns northward again near Birch Bay State Park. The creek flows for 
another 2.4 km in a back beach swale that is parallel to the Birch Bay shoreline. With the 
exception of the portion in the State Park, this section of the watershed is the most intensively 
developed. The majority of salmonid spawning habitat exists upstream of RM 4.9 (NSEA 
unpublished 2002 habitat assessment). The portion of Terrell Creek downstream of RM 4.9 is 
characterized by low stream gradient, continuous pool habitat, and sand/silt substrate. While this 
section of the creek does not provide good salmonid spawning habitat, it may provide rearing 
habitat for salmonids and other fishes. The portion of Terrell Creek that flows in the back beach 
swale adjacent to Birch Bay is tidally influenced. Salinities in that reach are too high to allow for 
salmonid spawning and rearing, but offer a freshwater to saltwater transition area for 



















Figure 1. The Terrell Creek watershed is located in northwestern Whatcom County, in the 
northwestern portion of Washington State. Terrell Creek is fed by Lake Terrell  and drains to 
Birch Bay. 
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Methods and Materials 
To provide an overall picture of the fish population in Terrell Creek and the factors 
affecting coho salmon production, I performed the following assessments: 1) smolt trap 
monitoring, 2) instream temperature data collection, 3) discharge measurement, and 4) 
relationship of discharge to wetted width. As a practical means of determining the viability of 
restoring adequate flows to the Creek for the rearing of salmonids, I assessed the feasibility of 
augmenting and manipulating the flow at the dam on the Lake.  As a result, I supervised the 
construction to install a siphon over the Lake Terrell dam, after which I assessed the ecological 
changes downstream.   
 
Smolt Trap Monitoring 
To assess the fish population in Terrell Creek before and after flow augmentation, smolt 
traps were installed and monitored in two different years (2005 and 2006), and data were 
incorporated from a third year (2000). All three smolt trap studies were constructed in a portion 
of Terrell Creek that is contained in Birch Bay State Park, Washington. The smolt trap location 
for the studies in 2000, 2005, and 2006, was just upstream of the bridge that crosses Terrell 
Creek, in Birch Bay State Park at river mile 1.8 (RM 1.8). In 2000, the smolt trap was installed 
and monitored by members of the Nooksack Salmon Enhancement Association (NSEA) and the 
Washington Department of Fish and Wildlife. In 2005 and 2006, the trap was installed and 
monitored by a team consisting of Western Washington University students and staff, volunteers 
provided by NSEA, and me. Staff from the Birch Bay State Park assisted in monitoring when 
their services were requested. 
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In 2006, the trap “fished” for 60 days, from April 6
th
 to June 6
th
. Debris was brushed from the 
screens during twice daily checks, and any fish caught in the trap box were netted into a 19-L 
bucket. All fish were identified to species, measured for length (fork length for all salmonids, 
total length for other fishes), and released downstream of the trap. In the event that more than 
100 individuals of a single species were found in the trap box during monitoring, the first 100 
fish were measured for length, and then every tenth fish of that species was measured for length. 
The anesthetic tricaine methanesulfonate (MS-222) was used to sedate the fish for handling as 
needed. 
The smolt trap used was similar in construction to that employed by Downen in his 1998 
study of Squalicum Creek (Downen 1999). The vee-shaped structure typically consisted of 6 
screen panels and a trap box (Figure 2, 3). Mesh size of the screen panels was 13 mm. The trap 
box was sited first. Box location was chosen to maximize flow to the box inlet and to maximize 
water depth in the box during low flow. The trap box was dug into the streambed so that it sat 
level and that at least two-thirds of the box was covered by water at time of installation. Four, 2-
m metal T-posts were driven into the streambed near the corners of the box to a minimum depth 
of approximately 1 m. Substrate dictated actual depth. Two more metal T-posts were driven in at 
an angle of approximately 45º to provide bracing support for the downstream end of the box. The 
box was then connected to the metal posts with 16 gauge “berry” wire. Once the box was in 
place, black 4-mm plastic was laid down on the stream substrate that covered the trap area and 



















Figure 2. 2006 Terrell Creek smolt trap in operation. Sand bags were placed along the 

























Figure 3. Trap box location determined panel configuration. At the streambank, panels were 
typically dug into the bank to minimize fish loss.
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The plastic was installed to minimize the risk of fish escaping through the gravels.  Once the 
plastic was in place, the screen panels were installed. Screen mesh size for the panels was 13 
mm. The panels were placed end-to-end, starting at either side of the box and extending to the 
shore. Panel placement was dictated by location of the tap box relative to streambank distance. 
Panels were connected to each other with two hose claps per abutment. The panels were secured 
in the stream by attaching them to 2-m and 2.5-m metal T-posts that had been driven in at least 
one-half of their overall length. Each vertical T-post was angle braced by another metal T-post. 
Panels were connected to the posts using hose clamps and wire. The connection point of the 
panels and the trap box was flashed with plywood wrapped in plastic, and the entire upstream 
side of the panel bottom board was flashed with a 50-cm high strip of 4-mm plastic. The plastic 
strip was secured with sand bags. The flashing and sand bags were employed as measures to 
increase trap efficiency. Re-enforcing wire, running perpendicular to stream flow, was then 
installed. The wire ran from three sets of metal T-posts and consisted of doubled-up and twisted 
16-gauge wire. 
To calculate biomass of coho salmon smolt produced in 2005 and 2006, a length-weight 
relationship was created using a log length-log weight regression of coho smolt data from the 
2000 smolt trap as per Ricker (1975). A plot of that data and the equation used are shown (Figure 
4). Fulton condition factors were calculated for all coho using the equation K = weight(g)/length 
(mm)
3 
X 100,000. Fulton’s condition was not calculated for any other salmonid species as 
weights were not available and numbers caught in the 2005 and 2006 smolt traps were too low 
provide meaningful results. 
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Figure 4. Log10 length – Log10 weight regression for coho salmon smolt fork lengths and weights 






For the purposes of this study, the productive portion of Terrell Creek is considered to be 
from the smolt trap upstream to the fish passage barrier at the Lake Terrell dam. The rational for 
this delineation is that 1) the area downstream of the smolt trap is tidally influenced and likely 
has salinities that are too high for spawning and rearing coho salmon, and 2) any smolts 
produced downstream of the smolt trap cannot be accounted for in the study. Total useable 
stream length for rearing salmonids is 10.52 km. Mean low flow period stream width was 
calculated as 3.05 m. The mean stream width came from two habitat assessments performed by 
NSEA. One assessment was conducted from June 23
rd
 through August 16
th
, 2000. The second 
assessment was conducted from June 24
th
 through August 5
th
, 2002.  Mean stream width was 
chosen so that results from this study could be compared to coho smolt production in other 
studies e.g. (Zillges 1977; Baranski 1989),  from which other smolt production estimates have 
been made.  
Coho salmon smolt production from Terrell Creek was calculated by dividing the total 
number of coho salmon smolt caught in a smolt trap year by 1) the useable linear length of 
Terrell Creek and 2) the mean wetted width of Terrell Creek during low flow. Useable linear 
length is defined as that portion of the creek upstream of the bridge in Birch Bay State Park to 
the dam at the north end of Lake Terrell. The portion downstream of the bridge was not included 
as rearing habitat as the salinities are too high to promote incubation or growth of salmonid fry, 
except for chum salmon fry.  
Coho salmon smolt production potential for Terrell Creek was determined by using coho 
smolt production values from studies by Baranski (1989), Bradford and Taylor (1997), Chapman 
(1965), Downen (1999) and Zillges (1977). Smolt production values were used from creeks that 
were approximately the same size as Terrell Creek. Smolt production values were applied to the 
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low flow linear length and low flow wetted area of Terrell Creek to estimate how many smolts 
the Creek has the potential to produce. 
 
Instream Temperature Data Collection 
Six locations along the Terrell Creek were chosen as sites for continuous temperature 
monitoring. Starting at the most upstream site and moving downstream, the locations were: the 
Lake Terrell dam at RM 8.3, on the staff gauge on the Bennett property at RM 6.7, in a shaded 
pool just upstream of the crossing at Kickerville Road at RM 6.0, on the staff gauge upstream of 
Blaine road at RM 4.9, under the Jackson Road Bridge at RM 3.3, and on the staff gauge in 
Birch Bay State Park at RM 1.8 (Figure 5). The six sites were selected to represent the different 
habitat types found from the upper end of Terrell Creek to the lower end and to measure 
longitudinal change in temperature at a given time. Temperature was not measured further 
downstream than the Birch Bay State Park bridge, as tidal flow would have influenced the 
instream temperature regime. Air temperature data were gathered at weather station KBLI at the 
Bellingham Airport, Washington. 
Instream temperatures were recorded every 30 minutes, from August 2
nd
, 2006, through 
January 5
th
, 2007, at all six sites. Water temperature was measured with Optic StowAway Tidbit 
temperature data loggers, manufactured by Onset Computer Corporation. Logger range is -4ºC to 
38ºC with ±0.2 ºC measurement accuracy.  
Data loggers were calibrated and deployed as per the Continuous Temperature Sampling 
Protocols developed for the WADOE by Ward (2003b). Data loggers were attached to staff 























Figure 5. Water temperature data logger locations in Terrell Creek, Washington. 
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Data loggers were placed in pools that were shaded, present year around, and unlikely to be 
tampered with. Once deployed, the loggers were not retrieved until the end of the monitoring 
period.  
Daily means, 7-day averages of the daily maximum temperatures (7DADMx), and daily 
minima were calculated from the raw temperature data. Notched box plots of daily temperatures 
were created to graphically explore differences in temperatures among logger locations. This 
type of plot shows a central median by line, interquartile by box outline, 95% confidence interval 
by whiskers, and significant difference if notches do not overlap.  
The 7DADM temperatures recorded in Terrell Creek were compared against  7DADM 
values listed by Hicks (2000) and Richter and Kolmes (2005), and the percentage of exceedences 
was reported. Exceedences were considered as any value over the compared-to value. 
 
Flow Manipulation and Discharge Measurements 
Stream flow was manipulated in Terrell Creek by adjusting the amount of water 
conveyed through siphons. Two siphons, located at the dam on Lake Terrell, were constructed 
and installed on June 18
th
, 2005. The intake portion of each siphon, constructed of 15.24-cm 
polyvinylchloride (PVC) schedule 40 pipe, extended 6 m into the lake, away from the dam. Each 
intake structure had a one-way foot valve at the pipe terminus. The intake was protected from 
beavers with a 1.2-m tall fence constructed of field fencing and metal T-posts. At the dam, the 
pipe changed size from 15.24-cm PVC pipe to 7.62-cm PVC pipe. The siphon continued up, 
over, and down the dam face to discharge into the dam pool. A gate valve with a 0.6-m section of 
7.62-cm PVC pipe was installed at the discharge end of each siphon.  
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The siphons were started by: closing the discharge valve, filling the pipes full of lake water, 
capping the “priming Tee”, and then opening the valve on the downstream end of the siphon. 
Both siphons functioned immediately and were monitored daily for the first two weeks by the 
Lake Terrell Wildlife Area manager or me. 
Once water stopped flowing over the dam at Lake Terrell, flow from the siphons was 





, and October 25
th
, 2006. Flow was not manipulated until water 
had stopped flowing over the dam at Lake Terrell. The initial outfow from the siphons on August 
25
th
, 2006, was designated as the baseflow for Terrell Creek. Baseflow was characterized by the 
creek having water in pools at RM 4.9, but no surface connection between pools. Volume of 
water let through the siphons was determined qualitatively at the time of valve manipulation, i.e. 
each flow was set so that it was more than the previous flow, up to the point that both siphons 
were operating at maximum capacity. Flow from the siphons provided the only surface flow 
from Lake Terrell during this period.  
During flow manipulation, discharge was measured at four sites along Terrell Creek on 
four separate occasions, under the four different flow regimes. The first flow measurement was 
of existing or baseflow conditions. After each manipulation, the creek was allowed to equilibrate 
under the new flow regime. A minimum period of five days was chosen as the amount time of 
time necessary for the creek to come to flow equilibrium. If precipitation occurred, the same 
waiting period applied to that potential change in streamflow as well.  The five-day waiting 
period was selected based on observation and flow measurements taken prior to the study. 
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 of 2006. The sites chosen for flow measurements were: the siphons at the Lake 
Terrell dam at RM 8.3, the downstream end of the culvert at Grandview Road at RM 6.7, 
upstream of Kickerville Road on the Berg property at RM 6.3, and upstream of the culvert at 
Blaine Road at RM 4.9 (Figure 6). Flow was not measured downstream of Blaine road for two 
reasons: 1) the majority of salmonid spawning and rearing habitat exists upstream of Blaine 
Road (NSEA 2000 and 2002), and 2) suitable stream channel conditions for flow measurement 
did not exist at the other temperature monitoring sites, i.e. flow was too slow to measure or the 
channel was not defined enough to take accurate flow measurements. Site selection was also 
based on the willingness of landowners to grant access to the stream. 
 Discharge at the siphons and at the Grandview Road culvert was measured by timing how 
long it took to fill a 19-L. Three time trials were run at each location, unless the times of any one 
trial were different by 10% or more. In that case, five time trials were run. Times were averaged 
to produce one time that was used to calculate cubic meters per second (CMS) using the 
equation: ((19L/Mean Time (sec)) * 0.001 cms) 
 Discharges at RM 6.0 and RM 4.9 were measured using WADOE instream flow 
measurement protocols with a Swoffer Model 2100 manufactured by Swoffer Instruments Inc, 
































For each of the four flows, available habitat was measured using the Toe-Width (TW) 
method. The TW method is one of three primary flow measurement methods used in Washington 
State. The other methods, the Instream Flow Incremental Method (IFIM) and the Tennant 
Method, were not used because they were either too time and resource intensive or did not apply 
as well to small streams in Western Washington (Jowett 1997, WADOE 2002a). The TW 
method was developed by the USGS and WDFW in the 1970’s in response to the need to 
determine minimum instream flows for fish (Swift 1979). The TW method was chosen for 
several reasons: 1) the method is generally used for small streams, 2) measurements are quick 
and can be taken in one day, 3) it does not require specialized equipment or training to perform, 
and 4) it was developed using data from 28 streams and rivers in western and eastern 
Washington over nine  years.  
Available habitat was measured by determining the toe-width of the stream at the four 
different flows. The toe of the stream is defined as the point in a stream where the side of the 
stream meets the stream bottom (Figure 7). Toe-width was measured as the distance across the 
stream from the toe of one streambank to the toe of the other streambank. The assumption was 
made that the wetted area provided available rearing habitat under the existing flow. Four 
transects were selected per reach.  Toe-width measurements were taken in the same reach as 
discharge, except for at the dam site where toe-width was not measured. Toe-width was not 
measured at the dam at Lake Terrell, as that location was considered the source for hydraulic 
change in the creek. Further, pool features were not present downstream of the siphon, except for 





































A 1.36 0.55 0.139 1.55 0.164
B 1.24 1.13 1.44 1.16 1.42
As per the TW method, transects were located at the tails of pools, where the stream 
channel was relatively uniform in depth and width. Toe-width measurements were made in the 
same time interval as discharge measurements at all sites. Toe-width was measured at each 
transect, and the four measurements were averaged as the reach measurement. Recommended 
rearing flows were the only type of flow calculated, as TW measurements were taken only 
during the juvenile salmonid rearing period. Recommended rearing flows were calculated from 
this mean using the equation:  
  Q(cfs) = A * Toe Width (ft)^B 
Where A and B are defined as constants for each salmonid species as related to spawning and 
rearing activities (Table 1). All results were converted to cms from cfs by multiplying the result 




Table 1. Constants used to determine recommended flows for spawning and rearing life stages of salmon 





















Smolt trap  
Twelve species of fish were caught in the Terrell Creek smolt trap in 2005 and ten 
species of fish were caught in 2006 (Table 2 and Table 3).  Fishes other than salmon and trout 
composed the majority of fish caught in 2005 (98.6%) and 2006 (95.4%).  
Coho salmon (Oncorhynchus keta) composed the majority of salmon and trout collected in the 
smolt trap in 2006. Coho salmon accounted for 94.1% of the total catch of salmon and trout in 
the Terrell Creek smolt trap from April 6
th
 through June 6
th 
2006 (Table 4). Fork lengths for coho 
salmon smolts caught in the 2005 trap ranged from 155 mm to 180 mm, while fork lengths of 
coho salmon smolts caught in the 2006 smolt trap ranged from 125 mm to 175 mm. Length 
frequency distributions for coho caught in 2005 were unimodal (Figure 8). Coho smolt caught in 
2006 demonstrated positively skewed length frequency distributions (Figure 9). Mean condition 
factors were below one for coho salmon smolt caught in both years (Table 5).  Mean weight for 
coho salmon smolt caught in 2005 was 38.15 g, and 29.34 g for coho salmon smolt captured in 
2006. 
Chum salmon (Oncorhynchus keta) and rainbow trout (Oncorhynchus mykiss) each 
accounted for 2.94% of the total catch of salmon and trout. No coastal cutthroat trout 
(Oncorhynchus clarki clarki) were found. By percentage, coho salmon made up the majority of 
the catch of salmon and trout, but the actual number of smolts retained by the trap was 64. Two 
smolts each of rainbow tout and chum salmon were observed.   
In contrast to results from 2006, chum salmon made up the majority of salmon and trout 
collected in the smolt trap in 2005. Chum salmon accounted for the majority of the salmon and 
trout catch (77.4%), while coho salmon and rainbow trout composed 20.8% and 1.9% 
 34 
respectively, of salmon and trout retained in the trap box. As in 2006 and in 2000, no cutthroat 



























Species Number Proportion Percent
Chum salmon (Oncorhynchus keta) 41 0.0112 1.12
Coho salmon (Oncorhynchus kisutch) 11 0.0030 0.30
Rainbow trout (Oncorhynchus mykiss) 1 0.0003 0.03
Coast range sculpin (Cottus aleuticus) 1 0.0003 0.03
Prickly sculpin (Cottus asper) 307 0.0840 8.40
Pacifc staghorn sculpin (Leptocuttus armatus) 43 0.0118 1.18
Cottus spp. 24 0.0000 0.00
Pumpkinseed (Lepomis gibbosus) 815 0.2231 22.31
Bluegill (Lepomis macrochirus) 4 0.0011 0.11
Largemouth bass (Micropterus salmoides) 1 0.0003 0.03
Yellow perch (Perca flavescens) 2264 0.6198 61.98
Starry flounder (Platichthys stellatus) 181 0.0495 4.95
Common carp (Carassius spp) 1 0.0003 0.03















Table 2. Fish species retained in the Terrell Creek smolt trap between April 8
th





Species Number Proportion Percent
Chum salmon (Oncorhynchus keta) 2 0.001 0.13
Coho salmon (Oncorhynchus kisutch) 64 0.043 4.29
Rainbow trout (Oncorhynchus mykiss) 2 0.001 0.13
Coast range sculpin (Cottus aleuticus) 2 0.001 0.13
Prickly sculpin (Cottus asper) 451 0.302 30.23
Pacifc staghorn sculpin (Leptocuttus armatus) 489 0.328 32.77
Pumpkinseed (Lepomis gibbosus) 347 0.233 23.26
Bluegill (Lepomis macrochirus) 47 0.032 3.15
Yellow perch (Perca flavescens) 43 0.029 2.88
Starry flounder (Platichthys stellatus) 45 0.030 3.02















Table 3. Fish species retained in the Terrell Creek smolt trap between April 6
th
 and June 6
th
, 2006 


















Species Number Proportion Percent Number Proportion Percent
Coho salmon (Oncorhynchus kisutch) 11 0.21 20.75 64 0.94 94.12
Chum salmon (Oncorhynchus keta) 41 0.77 77.36 2 0.03 2.94
Cutthroat trout (Oncorhyncus clarki clarki) 0 0.00 0.00 0 0.00 0.00
Rainbow trout (Oncorhynchus mykiss) 1 0.02 1.89 2 0.03 2.94






Table 4. Number of salmon and trout represented as proportion and percent of total salmonid catch in the 2005 and 2006 Terrell Creek 








































Figure 8. Length frequency distribution of outmigrating coho salmon smolts from Terrell 





































Figure 9. Length frequency distribution of coho salmon smolts outmigrating from Terrell 












2005 166 ± 13.3 38.15 ± 5.71 0.84 ± 0.08



















Table 5. Mean lengths, weights, and condition factors for coho salmon smolts retained in Terrell 
Creek smolt traps. 
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Compared to the 2000 smolt trap data, coho emigrant numbers for 2005 and 2006 
were low. In 2000, a total of 1,997 coho were caught in the smolt trap. Compared to the 
2005 smolt trap data, though, coho smolts in 2006 were almost six times more abundant. 
However, total coho salmon outmigration was low for both 2005 (11) and 2006 (64). The 
high number of coho smolts caught in 2000 is suspect, as 1781 of the smolts were caught 
in one day, and conversations with NSEA staff indicate that a property owner along 
Terrell Creek may have been releasing coho salmon from a pond in 2000.   
Over the three seasons that smolt traps were operational in Terrell Creek, a total 
of seven Oncorhynchus mykiss individuals were collected. Four rainbow trout were 
caught in the 2000 smolt trap, while one rainbow trout smolt was captured in 2005, and 
two rainbow trout were caught in 2006. These fish were likely anadromous and may have 
been steelhead smolt based on coloration and size. 
Coho salmon smolt numbers were too low in 2005 to determine peak 
outmigration timing with confidence. All coho salmon smolts retained in the 2005 smolt 
trap were observed between April 16
th
 and April 25
th
, 2005. Peak coho outmigration in 
2006 occurred between April 25
th
 and May 17
th 
(10). More than half (n = 38) of all coho 
smolts were caught on May 1
st
.  
Sample numbers for both chum salmon and rainbow trout were also too low to 
enable estimation an emigration period. The two chum salmon smolts that were caught 
were found on May 14
th
, while the two rainbow trout caught were observed one on April 
10
th
, and one on April 26
th
. Of note is that chum fry were observed upstream of the smolt 






























































































Figure 10. Coho salmon smolt outmigration timing and number caught per day as recorded at the Terrell Creek smolt trap from April 
6
th







Terrell Creek 2005 0.0010 0.0003 11
Terrell Creek 2006 0.0061 0.0020 64
 
Smolt Production and Smolt Production Potential 
  
  
Terrell Creek coho salmon smolt production was low for years that the smolt traps 
were in operation. In 2005, Terrell Creek produced 0.42 kg of coho salmon smolts. In 
2006, Terrell Creek produced 1.58 kg of coho smolts. In terms of biomass density, Terrell 
Creek produced 0.04 kg/km of stream length in 2005 and 0.15 kg/km of stream length in 
2006.  
Terrell Creek produced 0.0003 coho salmon smolts per m² stream area in 2005, 
and 0.0020 coho salmon smolts per m² stream area in 2006 (Table 6). Per unit of stream 
length, coho smolt production in Terrell Creek in 2006 was almost sixfold greater than 
coho salmon smolt production per meter of stream length in 2005.  
Coho salmon smolt production potential estimates were orders of magnitude 
greater than actual smolt production values for Terrell Creek in 2005 and 2006 (Table 7). 
The lowest smolt production estimate of 887 smolts, based on work by Downen  (1999), 





Table 6. Coho salmon smolt production and smolt production per unit stream length and 




















Baranski  1989, mean 1.12 16,060
Baranski  1989, Wildcat crk. 0.25 0.81 13,169
Baranski  1989, Harris crk. 0.19 1.86 10,921
Baranski  1989, Pilchuck crk. 0.08 1.54 3,787
Baranski  1989, mean 0.18 10,731
Chapman 1965 0.50 11,783
Chapman 1965 0.41 8,030 8,522
Chapman 1965 0.34 6,103 19,569
Chapman 1965 0.36 2,570 16,202
Chapman 1965 1.02 5,782
Downen  1999 0.08 887
Downen  1999 0.05 1,709








Table 7. Coho salmon smolt production estimates from four different studies and coho 











































Water temperatures exhibited a general cooling trend from the output of the dam 
on Lake Terrell to the RM 3.3 (Figure 11). During the months of August, September, and 
October, water temperatures were typically at least 3 ºC colder at all sites downstream of 
the dam than at the dam. Water temperatures for the study period are not known for the 
portion of the creek downstream of the Jackson Road (RM 3.3) bridge and upstream of 
the bridge in the Birch Bay State Park (RM 1.8). Temperature data logged at RM 1.8 
were not used for the study, as the site was tidally influenced and not representative of 
the lotic environment.  
Instream temperatures at the dam were higher overall than instream temperatures 
at downstream sites (Figure 12). The lower extent of the temperature data show that all 
sites experienced the same low temperatures, but that the dam site had higher water 
temperatures and a greater frequency of higher temperatures. 
The highest water temperature recorded in Terrell Creek for the study period was  
21.5 ºC, measured at the dam site (Table 8). The lowest temperature recorded was -0.09 
ºC measured on November 29
th
, 2006, at RM 6.0. The dam site had the highest daily 
temperatures each month and the highest 7-day average of the daily maximum 
temperature value (7DADMax) until November 2, 2006. After that date, water 
temperatures at all sites were very similar. Daily mean temperatures, daily maximum 
temperatures and the 7DADM of instream temperatures varied little between RM 6.7, 












































Figure 11. Average daily temperatures for all sites for the period beginning August 2
nd
, 














Figure 12. Notched box plots of raw temperature data for all sites for the period 
beginning August 2
nd













RM 8.3 (Dam) 21.5 8/7/2006 0.09 11/29/2006 11.27
RM 6.7 17.41 8/7/2006 -0.16 11/29/2006 9.41
RM 6.0 16.81 8/7/2006 -0.09 11/29/2006 8.97
RM 4.9 17.25 8/7/2006 -0.19 11/29/2006 9.12










Table 8. Maximum, minimum, and mean temperatures recorded at five sites along Terrell 
Creek from August 2
nd




















Temperatures at RM 3.3 were generally higher than at the other study locations, but 
always lower than the temperatures at the dam site, until November 3
rd
, 2006.  
Maximum daily air temperatures and instream maximum daily temperatures at the 
dam site exhibit a delayed, but positive relationship in timing (R-squared =  0.760147) 
Comparisons of daily maximum temperatures show that peaks in water temperature 
follow peaks in air temperature by at least one day (Figure 13). Analyzed longitudinally, 
On the hottest day of the study period, August 20
th
, 2006, water temperatures changed the 
most per kilometer between RM 6.7 and RM 6.0 (Figure 14).  Water temperatures 
decreased from the dam down to RM 6.0, but then increased slightly between RM 6.0 and 
RM 3.3. The patterns shown by analyzing change in temperature per km suggest an 
influent source between RM 6.7 and RM 6.0. Fingalson Creek enters Terrell Creek at RM 
6.4. Increases in stream temperatures between RM 6.0 and RM 3.3 did not appear to 
influenced by air temperature increases throughout the day.  
Water temperatures were evaluated in terms of numbers of exceedences of upper 
optimal temperature criteria and thermal thresholds of coho salmon as defined by Hicks 
(2002) and Richter and Kolmes (2005). The 7DADM for each site was compared to 
upper optimal temperature criteria at each life stage (Table 9). Water temperatures at the 
dam exceeded the upper optimal temperature criteria for coho salmon juvenile rearing 43 
times during the study period, eight times at RM 6.7, five times at RM 6.0, eight times at 
RM 4.9, and 22 times at RM 3.3. The majority of exceedences of upper optimal rearing 
temperatures occurred between August 2
nd
 and September 18
th




























































Figure 13. Daily maximum water temperatures for all sites recorded in situ and daily maximum air temperatures as recorded at 
weather station KBLI for the period beginning August 2
nd






























































































Figure 14. Change in water temperature between each site on the hottest day of the study period, August 20
th
, 2006. Note that 
temperature changes between RM 6.0 and RM 4.9 (black line) and temperature changes between RM 4.9 and RM 3.3 (gray line)are 




7-Day average maximum 
daily temperatures
Spawning and incubation 13°C
Juvenile rearing 16°C
Adult migraton 18°C
Smoltification except steelhead 16°C
Steelhead smoltificaton 14°C
Constant exposure lethality 22°C
Decreased disease resistance 17.4°C
1 second exposure











Table 9. Upper optimal thermal threshold criteria for salmon and trout, adapted from 
















































upper optimal rearing temperature



























Figure 15. 7-day averages of the daily maximum (7DADM) for the period beginning August 2
nd
, 2006, and ending January 5
th
, 2007, 
and upper optimal rearing and spawning temperature thresholds.
 53 
Discharge Measurements 
Discharge downstream of the dam closely approximated outflow at the dam, with 
one exception (Figure 16). Flow at RM 4.9 on the first day of flow measurement 
(8/25/2006) was not measurable with the equipment used, and so was not recorded. 
During low manipulation, all discharges downstream of the dam were within 25% of the 
output of the dam (Table 10).  
Of the downstream sites, Flow at RM 6.1 was consistently the highest, except on 
10/01/2006. On that day, flow was measured as 0.0034 cms at RM 4.9, and 0.0033 cms at 
RM 6.1. The highest stream flow measured during the study was 0.0012 cms as measured 
on November 11, 2006, at RM 6.1. The lowest non-zero flow was 0.0014 cms as 
measured at RM 6.7 on August 25
th
, 2006. 
Water released from the lake appears to influence stream flow downstream. For 
example, on 10/01/2006, flow measured at the siphon at Lake Terrell was 0.0036 cms, 
0.0034 cms at RM 6.7, 0.0033 cms at RM 6.1, and 0.0035 cms at RM 4.9. Flow 
characteristics downstream of RM 4.9 were not measured and so could not be analyzed. 
The reaches in between the Lake Terrell dam and RM 6.7 and the reach in 
between RM 6.1 and RM 4.9 may have been losing reaches during the study period 
Percent change in flow from the outflow at the dam and percent change in flow at each 
site indicate that the reach between RM 6.7 and RM 6.1 was a gaining reach for three out 
of the four times flow was measured. Determination of losing and gaining reaches is 
based on small changes in flow and may not be significant under larger flow 
regimes.Flow at RM 6.1 may have been influenced by input from Fingalson Creek, which 









































Figure 16. Discharge measured in cubic meters per second (cms) for all sites and all dates. Note that discharge at RM 4.9 on 8/25/2006 








from Q at dam  Q (cms)
% difference 
from Q at dam  Q (cms)
% difference 
from Q at dam  Q (cms)
% difference 
from Q at dam
Discharge at RM 6.7 0.0014 -39.13 0.0033 -8.33 0.0047 -11.32 0.0093 -15.45
Discharge at RM 6.3 0.0027 17.39 0.0027 -25.00 0.0065 22.64 0.012 9.09
Discharge at RM 4.9 0* ND 0.0034 -5.56 0.0053 0.00 0.0099 -10.00
* Flow was not measureable at this site on 8-25-2006 with the equipment used.
8/25/2006 10/1/2006 10/25/2006 11/1/2006







Table 10. Discharge (Q) measured in cubic meters per second (cms) at all sites and the percent difference in discharge at each site relative to 









Toe-width and flow relationships are best described as logarithmic functions (Figures 17-
19). At every site, toe-width of the stream increased as flow increased. Flow and toe-width, did 
not, however, show a 1:1 relationship. A 56.52% change in outflow changed toe-width at RM 4.9 
from 1.67 m to 3.33 m, representing a 99.18% change in toe-width. A 107.55% change in 
outflow resulted in toe-width increasing from 4.08 to 4.43, representing an 8.58% change in toe-
width at RM 4.9 (Table 11). Based on the toe-width vs. discharge models, 40 liters per minute 
(LPM) of water input to Terrell Creek from Lake Terrell resulted in an increase of 1.37 m in toe-
width at RM 6.7 (Table 12). The largest change in toe-width was from 1.7 m to 4.4 m as 
measured at RM 4.9, equaling a change of 159% from the first flow to the last flow. Over the 
course of the study, toe-width increased by 84% at RM 6.1 and by 88% at RM 6.7. 
Recommended rearing flows based on toe-width measurements were consistently one to 
two orders of magnitude greater than actual flows at time of toe-width measurement (Table 13). 
Recommended rearing flows ranged from 0.0596 cms to 0.1858 cms, while measured flows 










































































Figure 17. Change in toe-width at RM 6.7 in response to change in flow across four dates. 






































































Figure 18. Change in toe-width at RM 6.1 in response to change in flow across four dates. 





































































Figure 19. Change in toe-width at RM 4.9 in response to change in flow across four dates. 








% change in toe-
width
% change in 
outflow
8/25/2006 RM 6.7 2.01
8/25/2006 RM 6.3 2.06
8/25/2006 RM 4.9 1.67
10/1/2006 RM 6.7 2.86 42.24 56.52
10/1/2006 RM 6.3 3.00 45.63
10/1/2006 RM 4.9 3.33 99.82
10/25/2006 RM 6.7 3.15 10.04 47.22
10/25/2006 RM 6.3 3.45 15.00
10/25/2006 RM 4.9 4.08 22.51
11/1/2006 RM 6.7 3.70 17.46 107.55
11/1/2006 RM 6.3 3.88 12.32


























RM 6.7 40 0.00067 1.37
400 0.00670 3.39
4000 0.06680 5.41
RM 6.3 40 0.00067 0.99
400 0.00670 3.32
4000 0.06680 5.66















Table 12. Change in toe-width for three theoretical flows at three sites in Terrell Creek, based on 













































8/25/2006 6.7 0.0596 0.0014
10/1/2006 6.7 0.0990 0.0034
10/25/2006 6.7 0.1136 0.0048
11/1/2006 6.7 0.1433 0.0101
8/25/2006 6.3 0.0616 0.0028
10/1/2006 6.3 0.1059 0.0033
10/25/2006 6.3 0.1295 0.0066
11/1/2006 6.3 0.1531 0.0123
8/25/2006 4.9 0.0455 0.0000
10/1/2006 4.9 0.1232 0.0035
10/25/2006 4.9 0.1651 0.0054














Table 13. Recommended rearing flows based on toe-width measurements vs. actual flows as 





































The fish assemblage identified from the Terrell Creek smolt trap studies was 
characterized by a small proportion of salmonids and a large proportion of other fishes. For 
example, in 2005, 2264 yellow perch (Perca flavescens) were removed from the trap box, and in 
2006, 451 prickly sculpin (Cottus asper) were captured. By percentage, salmon and trout 
composed 1.45% of the fish collected in 2005, and 4.56% of the total fish collected in 2006.  
Outmigration for some species such as the prickly sculpin was likely intentional as part of their 
life cycle (LeMoine 2007), while other species may have emigrated from Lake Terrell looking 
for suitable habitat, searching for food, or not able to maintain position during periods of higher 
discharges in the Creek. Lake Terrell is managed for the production of bluegill, largemouth bass, 
pumpkinseed, and channel catfish (Ictalurus punctatus), and provides a ready source of these 
non-native warmwater fishes to the Creek (Downen and Mueller 2000). Bluegill, pumpkinseed, 
and largemouth bass have been captured in Terrell Creek, and appropriate habitat may exist such 
that populations of these warm water fish persist year around (unpublished data). Competitive 
interactions between introduced fishes and native fishes in Terrell Creek have not been 
addressed. However, Bonar (2004) reports, that largemouth bass have a negative impact on 
juvenile coho salmon when the two species occupy the same space through direct predation 
The outmigration period in 2006 for coho salmon emigrants was consistent with that 
reported in the literature for the Pacific Northwest (Sandercock 1991). Peak outmigration was 
almost identical to that from the 2000 Terrell Creek smolt trap (NSEA unpublished data), but 
earlier than the peak outmigration seen in another lowland Whatcom County stream (Downen 
1999). Terrell Creek smolt trap data from 2000 indicate that an increase in discharge may have 





outmigrant coho smolt in 2005 and 2006 may represent general outmigration timing, but 
probably does not reflect the entire period of outmigration that would be characterized by a 
larger population. 
Both mean length and mean weight of coho salmon emigrants in Terrell Creek were 
greater than those for coho salmon smolts reared in Squalicum Creek, Washington. Coho smolts 
in Squalicum Creek were already considered to be larger and heavier than those reported in the 
literature (Downen 1999). Mean length, weight, and condition factor of coho smolt in Terrell 
Creek indicate that the fish were neither space nor food limited. However, the low number of 
emigrants, points to either high egg to smolt mortality, or low spawner abundance.  
Terrell Creek is below its smolt production potential for coho salmon, cutthroat trout, and 
rainbow trout. Chum salmon (Oncorhynchus keta) numbers were influenced by artificial 
production from remote site incubators, and were not considered in this study. Out of the three 
naturally produced salmonid species, only coho salmon were present in the 2005 and 2006 smolt 
traps in any significant number. Though a report from Caldwell (1983) indicates that cutthroat 
trout were identified in Terrell Creek, results from three smolt trap studies and subsequent 
electrofishing surveys indicate that cutthroat trout are no longer present in the stream system 
(unpublished data). Rainbow trout were retained in the traps, but numbers caught were too low 
for production estimates (one in 2005 and two in 2006). Any rainbow trout caught in the Terrell 
Creek smolt traps were either stream-reared or strays to the system, as the rainbow trout stocked 
in Lake Terrell are triploids and thus sterile. 
Coho smolt production potential (SPP) for Terrell Creek  ranged from 887 smolts to 
19,569 smolts, based on studies by Downen (1999) and Chapman (1965), while actual smolt 





in relation to Terrell Creek, as many of the streams chosen for coho smolt production studies 
were selected based on their ability to produce coho salmon smolts (Baranski 1989). With that in 
mind, coho salmon smolt production still appears to be limited in Terrell Creek. Normal coho 
salmon smolt output is considered to be approximately 30 smolts/100 m² (Reeves et al. 1989), 
and Terrell Creek produced 0.003 smolts/100 m² in 2005 and 0.200 smolts/100 m² in 2006. 
To produce the maximum amount of smolt caught in a study year (64 in 2006) at least 
four adult coho would have had to spawn in Terrell Creek. Estimates of coho salmon adults 
needed to produce a given number of smolts is based on an average fecundity of 2200 
eggs/female (Bill Finkbonner, Lummi Natural Resources Department, personal communication) 
a sex ratio of 1:1 and an egg to smolt survival rate of 1.8% (Quinn 2005). Spawner surveys from 
2004 and 2005, the brood years for 2005 and 2006 smolt, show one coho salmon redd per year 
and no live coho salmon adults (NSEA, unpublished data). Surveys from 2003, the first year that 
Terrell Creek was surveyed, show zero coho redds and zero adult coho salmon. Estimates of 
smolt to adult survival rates for Fishtrap Creek, located in Whatcom County, average 0.29 % 
(Roberts 2008). Quinn (2005) reports an upper end rate of 10.4% for smolt to adult survival for 
coho salmon.  Using those two rates, a population of 64 coho salmon smolts would either return 
no coho salmon adults, or 6 coho salmon adults. Using a smolt to adult survival rate of 3.8% 
from Minter Creek, Washington, the coho salmon smolt output from Terrell Creek in 2006 
would result in the return of two adult coho salmon to the Creek (Sandercock 1991). The only 
scenario wherein Terrell Creek could produce enough smolts in 2006 to replace that level of 
smolt production in the subsequent spawning year, is if smolt to adult survival rates were high.  





probably contributes to an ever shrinking coho salmon population in Terrell Creek (Nickelson 
1998).  
Low coho salmon smolt production can be a product of inadequate streamflow, extreme 
water temperatures, low dissolved oxygen levels, predation, and limited food availability. Of the 
factors that can limit coho smolt production, summer low flow was identified as being the most 
critical in Terrell Creek. Since dam construction began at the outlet of Lake Terrell, flows have 
been altered in the Creek. Inadequate streamflow can result in a reduction of rearing and 
spawning habitat, increased water temperatures, decreased dissolved oxygen levels, increased 
vulnerability to predators, and increased competition for food (WA DOE 2003a). In extreme 
cases, water can recede to the point that fish become stranded on dry streambeds. Discharge 
during summer low flow in Terrell Creek has been reported as zero cms (WADOE 1985), 
stagnant (NSEA 2000, unpublished data) and 0.00028 cms (NSEA 2002, unpublished habitat 
assessment).  
Flow augmentation from Lake Terrell to the Creek seemed an obvious fix to the low flow 
situation during the critical flow period. Along with the potential benefit of increased flow and 
rearing space, however, came two potential issues: 1) will water temperatures from the Lake be 
so high as to be harmful? and 2) how far downstream will discharge from the Lake persist, and at 
what volume? 
Water temperatures exhibited a cooling trend from the dam down to RM 3.3. 
Temperatures at RM 6.0 were consistently less than at all other sites, perhaps reflecting the 
influence of water from Fingalson Creek, which enters Terrell Creek at approximately RM 6.4. 
Though no surface flow was observed in Fingalson Creek during my study, subsurface flows 





No measurements of groundwater flows were taken during my study, however.  
Temperatures at RM 3.3 were at times higher than other sites downstream of the dam, but always 
lower than temperatures at the dam during the low flow period. The stream at RM 3.3 is 
classified as continuous pool habitat with a sandy bottom. The riparian buffer at that site is 
diminished, and a pond discharges into the Creek just upstream of where the temperature logger 
was located. Low flow, lack of riparian canopy, and the potential influence of warm, impounded 
water, could all have contributed to the elevated temperatures observed at RM 3.3 (Thomas et al 
1986). 
Cooling of surface water as it travels downstream has been attributed to interaction with 
groundwater (Harper-Smith 2008). In a system, such as Terrell Creek, where water temperatures 
decrease longitudinally, an intact riparian canopy can help maintain those temperatures. From the 
dam downstream to RM 4.9, the riparian canopy is relatively intact. Downstream of RM 4.9 the 
riparian canopy is spotty at best. Recent streamside re-vegetation activities seek to restore the 
riparian buffer. The actual mechanism of cooling in Terrell Creek is unknown, but may have 
occurred as water traveled through the gravels and either interacted with groundwater or 
transferred heat to cooler substrate (B. Caldwell WA DOE, personal communication). In 
between the dam at RM 8.3 and RM 6.7 temperatures were not recorded. Therefore, a location of 
greatest temperature change in that reach could not be located. Cooling through that reach was 
probably progressive and cannot be attributed to one factor.  
 To evaluate the thermal impact of Lake Terrell water on salmon and trout at different life 
stages, recorded temperatures were compared to upper optimal rearing and spawning 





 For coho salmon, rainbow trout, and cutthroat trout, the juvenile rearing period is year around 
(Anchor Environmental 2003). Smoltification and emigration for coho salmon typically takes 
place from April through June. Adult migration for coho salmon usually commences in 
November, and can extend through January. Spawning normally takes place in the second week 
of November and can extend through February. Variations in adult migration and spawn timing 
may occur as the fish adjust themselves to changing environmental cues. The temperature 
recording period of my study encompasses only juvenile rearing, adult migration, and adult 
spawn timing. Therefore, temperature effects on smoltification could not be evaluated as part of 
this analysis. 
Effects of elevated temperatures on coho salmon juveniles in Terrell Creek were not 
directly observed. Water temperatures never reached levels that cause either exposure lethality or 
near instantaneous lethality. Temperatures above the upper optimal thermal criterion though, are 
presumed to be detrimental to overall fish health (Thomas et al. 1986). Temperatures at the dam 
(RM 8.3) exceeded the upper optimal rearing temperature of 16 °C during the rearing period on 
more than 40 days of the study period. Those exceedences occurred over the first six weeks of 
the study period. At the lower end of the study reach at RM 3.3, water temperatures exceeded 
16°C on more than 20 days of the study period. At the sites in between the dam and RM 3.3, 
however, the upper optimal rearing temperature was exceeded on less than 10 days at any one of 
the three sites. Though water temperatures at the dam exceeded upper optimal thermal criteria 
for more than six weeks of the study, temperatures downstream of the dam only exceeded that 
same criterion during the first two weeks of the study. During the migration period for coho 
salmon in Terrell Creek, water temperatures were always below the upper thermal optimum of 





Creek were well below the upper optimal thermal threshold of 13°C. Extreme minimum 
temperatures could have had negative impacts on recently deposited eggs, if spawning had 
occurred in the first week of December, 2006, when temperatures dropped below 1°C. Water 
temperatures below 2°C have been shown to decrease survival of salmon embryos (Quinn 2005). 
In most cases though, protection provided by gravel and groundwater influence attenuates the 
effects of extreme cold temperatures on salmon eggs, as long as sufficient flow exists to cover 
the eggs (Hicks 2002).  
The quantity of water released from Lake Terrell will closely approximate the amount of 
water flowing downstream at RM 4.9, the lower extent of the study reach, during the same time 
period as this study occurred. Though water existed downstream of RM 4.9, discharge was not 
measured, so flow persistence cannot be addressed from that location to the mouth of the Creek  
 Of all sites including the outlet at the dam, flow was generally the highest at RM 6.3, 
indicating an influence from Fingalson Creek. Fingalson Creek enters Terrell Creek just 0.16 km 
upstream of RM 6.3. Again, no surface flow in Fingalson Creek was observed, but discharge 
data point to a contributing source.  
The primary reason to restore flow to Terrell Creek was to increase coho salmon rearing 
habitat during the low flow period and to determine an adequate instream flow recommendation 
that would preserve that habitat. Other salmonid species such as rainbow trout and cutthroat trout 
will probably benefit from an increase in useable wetted area.  During summer flows, for 
example, coho salmon, steelhead, and cutthroat trout juveniles all utilize the same habitat types 
(Bisson et al. 1988).  
Rearing habitat at all sites, represented by toe-width, increased with each subsequent 





Terrell Creek, as water depth increases from zero, there is an initial rapid increase in toe-width 
(Gippel and Stewardson 1998). The plots of flow and toe-width from Terrell Creek show a rapid 
change in toe-width from baseflow levels, but do not appear to taper off as would be expected if 
channel width limits had been met. Discharge from the dam may not have been enough to 
actualize this effect, advocating for increased flow to the creek.  Final discharge was constrained 
by the pipe size of the siphon. 
Minimum instream flows are often set by determining the point at which toe-width, or 
wetted widths no longer rapidly change in response to increased discharge (Armstrong et al. 
2004). If more toe-width measurements had been taken under a greater range of discharges, 
changes in wetted width as a function of altered discharge could have been used to make a 
minimum instream flow recommendation (IFR) (Gillian and Brown 1997). To make an IFR 
using wetted width as a parameter, changes in wetted width under at least ten different flows are 
measured and then plotted (Grippel and Stewardson 1998; WA DOE 2009). Breakpoints on 
those graphs are then used to determine a minimum IFR. Defining a breakpoint, however, can be 
problematic. In practice, there is seldom a single breakpoint, and multiple breakpoints may occur 
(Armstrong et al. 2004). Further, minimum environmental flows determined with this 
methodology are often underestimated (Grippel and Stewardson 1998).  
Instream flow levels for Terrell Creek have been recommended before. In 1985, the 
Washington State Department of Ecology (WA DOE) made a recommendation that at least 0.057 
cms be kept flowing in Terrell Creek from July 1
st
 through October 15
th
. Flow levels were based 
on an IFIM study and assumed no withdrawal from the Creek during any time of the year.  In 
contrast, recommended rearing flows based on toe-width measurements range from this study 





 However, rearing flows based on this method are often overestimated for small streams 
(Caldwell WA DOE, personal communication).  
In the context of multiple use objectives such as salmon and trout rearing and recreational 
pursuits in Lake Terrell, what is a reasonable instream flow recommendation for Terrell Creek 
during the critical flow period? My study suggest that the maximum discharge of 0.011 cms from 
the dam did not inundate all available stream habitat, but that it did effect an increase in rearing 
habitat. Rearing flows based on the toe-width method are probably too high to accommodate 
upstream users and rearing salmon and trout at the same time. As a starting point, outflow from 
the dam should not be any lower than 0.011 cms. To improve conditions in Terrell Creek though, 
a larger flow is needed. I recommend a minimum instream flow of 0.028 cms. That flow value is 
more than double the highest outflow in my study, but half the recommended flow value put 
forth by the WA DOE in 1985. At that flow, stream habitat conditions and water levels of the 
Lake can be evaluated, and discharge can be managed to achieve desired results. 
 To provide a continuous flow of 0.028 cms to Terrell Creek, the capacity of Lake Terrell 
would either have to be increased, or the level would be drawn down over the flow augmentation 
period, recommended herein as July 1
st
 through October 31st. Assuming a drawdown of 0.3 m, 
the lake could provide flow at 0.028 cms to Terrell Creek for 250 days, well beyond the 
recommended flow augmentation period. If a 0.3-m drop in lake height was counter productive 
to waterfowl or warmwater fish management objectives, a 0.15-m decrease in water height 
would be reached in 125 days, which would still encompass the recommended flow 
augmentation period. Days to reach draw down levels do not account for loss of water to 





study would be to increase the capacity of Lake Terrell by increasing the dam height, or utilize 
water from the pond complexes south of the Lake. 
An increase in streamflow in Terrell Creek would directly result in ecological benefits to 
salmon and trout in the Creek. A steady flow of 0.028 cms in Terrell Creek would increase 
rearing habitat and presumably increase coho salmon smolt production from Terrell Creek.  
Based on discharge vs. toe-width equations from my study, a flow of 0.028 cms would result in a 
mean toe-width of 4.64 m at RM 6.7, a mean toe-width of 4.77 m at RM 6.3, and a mean toe-
width of 4.17 at RM 4.9. The mean toe-width estimate at RM 4.9 is underestimated, as the 
equation incorporates a flow of 0 cms. The discharge value of 0 cms represents is actually flow 
below detection capacity.  
Using the mean of the three toe-widths (4.52 m) as the new average width of Terrell 
Creek results in an increase of 1.47 m in width and an increase in total stream area from 32,086 
m
2
 to 47,550 m
2
. Applying coho salmon smolt production potential estimates from previously 
mentioned studies results in a new coho salmon smolt production estimate that ranges from 
2,530 to 23,775 coho salmon smolts.  This estimate is made in recognition that one width value 
applied along the entire length of the productive portion of the stream is not accurate, but 
facilitates making a smolt production estimate. 
Streamflow is a key factor in aquatic ecosystems and one that was altered in Terrell 
Creek when the dam on Lake Terrell was constructed. Stream biological health is closely 
connected to hydraulic alteration (Booth 2005). Once the hydraulic regime of a stream has been 
changed, the task of restoring function to the stream becomes difficult. In the case of Terrell 
Creek, some portion of the flow can be returned to the system, making this a unique opportunity 





contribute to stream degradation and salmonid population fitness, but it does provide a useful 
starting point for evaluating stream enhancement efforts. 
In summary, the results of my study indicate that: 1) the salmon and trout population in 
Terrell Creek is depressed, 2) to increase numbers of coho smolt produced from Terrell Creek, 
more available rearing habitat must be provided during critical flow periods, 3) to increase 
rearing habitat during the critical flow period, flow augmentation must occur, and that 4) Lake 
Terrell is an adequate water source for flow augmentation, in the context of instream 
temperatures and flow quantity. 
 
Future Research 
Further investigations of rearing habitat conditions downstream of RM 4.9 would be 
useful in determining limiting factors to coho salmon smolt production in that reach. If stream 
temperatures are a limiting factor, then restoration of the riparian canopy and creation of habitat 
complexity and cool water refuge would assist in creating more favorable physical and chemical 
stream conditions for rearing salmon and trout.  
Potential impacts of higher discharge levels from the dam on ecological functions in 
Terrell Creek could result in a more accurate instream flow recommendation. In the event that 
higher discharge levels are explored, stream temperatures should be recorded at more locations 
to accurately define the areas of greatest change in temperature on a longitudinal basis. 
Groundwater influences, if any, should also be examined under higher flows, as high flows may 





To achieve higher flows than those measured in this study, a different water control 
mechanism will have to be constructed at the Lake Terrell dam. An automated siphon structure 
would eliminate potential maintenance efforts associated with a manual siphon system.  
One other fish management strategy would be to make the dam at Lake Terrell passable 
to fishes in Terrell Creek. If the dam were passable, coho salmon juveniles could utilize the Lake 
for rearing, and coho salmon adults could potentially utilize Butler Creek, a tributary to Lake 
Terrell, for spawning. This scenario should be carefully considered before actions are taken, as 
impacts from warmwater fish, elevated water temperatures, and low dissolved levels in Lake 
Terrell could negate the potential benefits of opening up the lake to anadromous fish. In the long 
term though, proper management of the water resources in the Terrell Creek watershed could 
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Date Dam (RM 8.3) RM 6.7 RM 6.0 RM 4.9 RM 3.3
8/9/2006 20.29 16.59 16.02 16.16 17.27
8/10/2006 20.47 16.71 16.13 16.27 17.22
8/11/2006 20.64 16.75 16.18 16.27 17.13
8/12/2006 20.57 16.71 16.20 16.38 16.97
8/13/2006 20.36 16.59 16.09 16.31 16.81
8/14/2006 20.08 16.41 15.89 16.18 16.54
8/15/2006 19.82 16.30 15.73 16.18 16.29
8/16/2006 19.70 16.12 15.53 16.00 16.02
8/17/2006 19.54 15.89 15.30 15.77 15.74
8/18/2006 19.31 15.78 15.14 15.65 15.54
8/19/2006 19.26 15.73 15.00 15.56 15.45
8/20/2006 19.22 15.64 14.86 15.43 15.47
8/21/2006 19.22 15.60 14.75 15.27 15.52
8/22/2006 19.17 15.55 14.66 15.20 15.63
8/23/2006 19.12 15.48 14.64 15.18 15.77
8/24/2006 19.03 15.46 14.66 15.16 15.90
8/25/2006 18.96 15.44 14.64 15.18 16.04
8/26/2006 18.91 15.44 14.64 15.11 16.13
8/27/2006 18.91 15.44 14.67 15.07 16.22
8/28/2006 18.94 15.44 14.67 15.04 16.31
8/29/2006 19.01 15.46 14.69 14.97 16.33
8/30/2006 18.99 15.41 14.69 15.00 16.38
8/31/2006 18.94 15.32 14.64 15.00 16.42
9/1/2006 18.87 15.23 14.51 14.93 16.42
9/2/2006 18.78 15.14 14.38 14.86 16.36
9/3/2006 18.68 15.10 14.29 14.81 16.24
9/4/2006 18.57 15.08 14.31 14.81 16.22
9/5/2006 18.45 15.05 14.29 14.86 16.22
9/6/2006 18.47 15.17 14.22 14.77 16.17
9/7/2006 18.59 15.30 14.15 14.72 16.06
9/8/2006 18.75 15.33 14.20 14.70 15.97
9/9/2006 18.80 15.26 14.31 14.70 15.97
9/10/2006 18.70 15.06 14.26 14.65 15.97
9/11/2006 18.45 14.78 13.98 14.45 15.81
9/12/2006 18.24 14.62 13.75 14.34 15.27
9/13/2006 18.08 14.46 13.62 14.18 14.78
9/14/2006 17.83 14.20 13.49 13.96 14.35
9/15/2006 17.39 13.84 13.20 13.67 13.84
9/16/2006 16.89 13.46 12.76 13.34 13.28
9/17/2006 16.48 13.15 12.43 13.01 12.72
9/18/2006 16.21 13.04 12.45 12.96 12.27
9/19/2006 15.85 12.87 12.45 12.85 12.45
9/20/2006 15.41 12.65 12.36 12.74 12.43
9/21/2006 15.03 12.51 12.29 12.77 12.56
9/22/2006 14.82 12.49 12.27 12.74 12.67
9/23/2006 14.73 12.47 12.27 12.72 12.67
9/24/2006 14.69 12.51 12.27 12.77 12.67
9/25/2006 14.71 12.49 12.09 12.68 12.60
9/26/2006 14.82 12.49 11.92 12.57 12.25
9/27/2006 15.03 12.60 11.85 12.63 12.05
Appendix A: 7DADM Temperatures   
 















































Date Dam (RM 8.3) RM 6.7 RM 6.0 RM 4.9 RM 3.3
9/28/2006 15.37 12.80 11.83 12.68 11.72
9/29/2006 15.71 13.02 11.87 12.74 11.52
9/30/2006 16.00 13.15 11.94 12.77 11.45
10/1/2006 16.14 13.15 11.98 12.70 11.43
10/2/2006 16.09 12.98 11.83 12.41 11.40
10/3/2006 15.87 12.64 11.54 12.07 11.23
10/4/2006 15.55 12.33 11.25 11.74 10.98
10/5/2006 15.14 11.96 10.90 11.34 10.74
10/6/2006 14.78 11.67 10.72 11.12 10.50
10/7/2006 14.44 11.38 10.43 10.78 10.27
10/8/2006 14.15 11.18 10.23 10.60 9.99
10/9/2006 13.95 11.02 10.10 10.47 9.74
10/10/2006 13.80 10.89 9.90 10.27 9.59
10/11/2006 13.62 10.67 9.66 10.02 9.41
10/12/2006 13.48 10.51 9.46 9.85 9.15
10/13/2006 13.35 10.34 9.21 9.60 8.90
10/14/2006 13.22 10.18 9.10 9.47 8.68
10/15/2006 13.08 10.09 9.03 9.33 8.62
10/16/2006 12.91 10.14 9.15 9.42 8.66
10/17/2006 12.77 10.23 9.37 9.60 8.77
10/18/2006 12.68 10.30 9.59 9.73 8.95
10/19/2006 12.55 10.41 9.88 9.91 9.26
10/20/2006 12.37 10.43 10.06 10.05 9.52
10/21/2006 12.15 10.41 10.06 10.05 9.72
10/22/2006 11.94 10.25 9.90 9.96 9.77
10/23/2006 11.81 10.07 9.70 9.82 9.70
10/24/2006 11.68 9.92 9.55 9.67 9.63
10/25/2006 11.50 9.76 9.37 9.51 9.55
10/26/2006 11.30 9.63 9.23 9.42 9.39
10/27/2006 11.19 9.74 9.30 9.53 9.30
10/28/2006 11.19 9.96 9.57 9.85 9.32
10/29/2006 11.21 10.20 9.83 10.07 9.46
10/30/2006 10.97 9.85 9.61 9.76 9.30
10/31/2006 10.46 9.18 9.01 9.12 8.88
11/1/2006 9.81 8.58 8.39 8.45 8.33
11/2/2006 9.21 8.00 7.79 7.80 7.73
11/3/2006 8.81 7.74 7.55 7.45 7.51
11/4/2006 8.56 7.58 7.42 7.27 7.42
11/5/2006 8.41 7.49 7.33 7.22 7.42
11/6/2006 8.67 8.18 7.90 7.91 7.98
11/7/2006 9.23 9.18 8.83 8.89 8.77
11/8/2006 9.90 9.92 9.68 9.74 9.57
11/9/2006 10.43 10.36 10.19 10.23 10.26
11/10/2006 10.59 10.18 10.05 10.12 10.34
11/11/2006 10.45 9.89 9.77 9.85 10.19
11/12/2006 10.12 9.58 9.50 9.54 9.88
11/13/2006 9.59 8.99 8.97 8.92 9.24
11/14/2006 8.96 8.34 8.37 8.27 8.53
11/15/2006 8.45 8.08 8.06 7.98 8.15
11/16/2006 8.03 7.94 7.87 7.87 7.91




















































Date Dam (RM 8.3) RM 6.7 RM 6.0 RM 4.9 RM 3.3
11/17/2006 7.72 7.90 7.80 7.83 7.78
11/18/2006 7.49 7.94 7.80 7.83 7.78
11/19/2006 7.47 8.01 7.82 7.87 7.84
11/20/2006 7.47 8.08 7.84 7.90 7.91
11/21/2006 7.54 8.16 7.93 8.01 8.02
11/22/2006 7.52 8.05 7.82 7.87 7.89
11/23/2006 7.52 7.97 7.75 7.72 7.75
11/24/2006 7.43 7.81 7.60 7.54 7.58
11/25/2006 7.18 7.45 7.24 7.18 7.22
11/26/2006 6.71 6.81 6.62 6.53 6.58
11/27/2006 5.93 5.89 5.68 5.50 5.46
11/28/2006 4.93 4.81 4.60 4.37 4.35
11/29/2006 3.91 3.75 3.52 3.31 3.32
11/30/2006 2.96 2.78 2.57 2.37 2.31
12/1/2006 2.12 1.97 1.79 1.62 1.43
12/2/2006 1.46 1.30 1.18 1.01 0.69
12/3/2006 0.96 0.89 0.82 0.67 0.29
12/4/2006 0.79 0.89 0.91 0.83 0.44
12/5/2006 0.84 1.10 1.19 1.13 0.72
12/6/2006 1.00 1.37 1.57 1.52 1.12
12/7/2006 1.14 1.60 1.89 1.91 1.60
12/8/2006 1.30 1.85 2.21 2.27 2.14
12/9/2006 1.49 2.10 2.55 2.66 2.73
12/10/2006 1.87 2.51 2.95 3.06 3.27
12/11/2006 2.47 3.05 3.47 3.65 3.96
12/12/2006 3.17 3.66 4.03 4.23 4.61
12/13/2006 3.87 4.29 4.59 4.80 5.19
12/14/2006 4.46 4.78 5.02 5.18 5.56
12/15/2006 4.90 5.11 5.29 5.40 5.74
12/16/2006 5.21 5.32 5.38 5.45 5.70
12/17/2006 5.24 5.27 5.29 5.33 5.54
12/18/2006 4.99 4.96 4.97 4.98 5.12
12/19/2006 4.65 4.62 4.66 4.66 4.79
12/20/2006 4.33 4.31 4.35 4.37 4.48
12/21/2006 4.20 4.18 4.21 4.26 4.39
12/22/2006 4.18 4.13 4.17 4.19 4.36
12/23/2006 4.20 4.18 4.24 4.26 4.43
12/24/2006 4.24 4.27 4.35 4.41 4.54
12/25/2006 4.40 4.49 4.57 4.66 4.81
12/26/2006 4.56 4.65 4.71 4.79 4.97
12/27/2006 4.61 4.67 4.73 4.79 4.99
12/28/2006 4.49 4.52 4.55 4.59 4.72
12/29/2006 4.27 4.27 4.30 4.35 4.41
12/30/2006 4.06 4.07 4.10 4.14 4.21
12/31/2006 3.93 3.91 3.97 3.99 4.10
1/1/2007 3.88 3.89 3.97 4.03 4.12
1/2/2007 4.29 4.27 4.35 4.41 4.49
1/3/2007 4.73 4.64 4.70 4.75 4.80
1/4/2007 5.00 4.96 5.04 5.09 5.18
1/5/2007 5.23 5.16 5.24 5.29 5.41
Table A-1 (con’t). 7DADM temperatures at all sites, in degrees Celsius. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
